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PROBLEM TO BE SOLVED: To provide a method and 
equipment which can easily manufacture a low cost III group 
nitride semiconductor crystal by a hydllde vapor phase epitaxy 
method while doping a silica element with excellent 
controllability and reproducibility using a crystal growth furnace 
in which a quartz component is used. 

SOLUTION: The method comprises steps of further introducing 
a hydrogen halide from a second supply pipe 20 different from a 
supply pipe 30 of the hydrogen halide for forming a group 111 
metal halide to a crystal growth furnace 1 , leading it on a 
substrate 5 through a flow pipe 2 composed of a heat-resistant 
silica content material, and doping the silica element existent in 
the flow pipe 2 to a group III nitride semiconductor crystal Q. 
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♦ NOTICES * 

JPO and NCIPI are not: responsible £or any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 
[Claim 1] 

Hydrogen halide is supplied to the III group metal source laid all over the crystal growth furnace. Make both react, make 
the halogenide of said IQ group metal generate, and gaseous phase reaction of the nitrogen-containing compound gas is 
carried out to said obtained HI group metal halogenide. In the approach of manufacturing an in group nitride system 
semiconducting crystal by the hydride vapor growth which grows up an in group nitride crystal on a substrate By 
introducing hydrogen halide into said crystal growth furnace further from the supply pipe of the hydrogen halide for said 
ni group metal halogenide generation, and the second different supply pipe, letting it pass to the flow conduit which 
consists of a heat-resistant sihcon content ingredient, and leading on said substrate The manufacture approach of the III 
group nitride system semiconducting crystal characterized by doping the silicon element contained in said flow conduit 
to said m group nitride system semiconducting crystal. 
[Claim 2] 

The manufacture approach of the III group nitride system semiconducting crystal characterized by using a quartz or 
quartz glass as a heat-resistant silicon content ingredient which constitutes said flow conduit in the manufacture approach 
of an III group nitride system semiconducting crystal according to claim 1. 
[Claim 3] 

The manufacture approach of the III group nitride system semiconducting crystal characterized by preparing the 
meandering section for increasing a touch area with the hydrogen halide for said silicon element dope to said flow 
conduit in the manufacture approach of an in group nitride system semiconducting crystal according to claim 1 or 2. 
[Claim 4] 

The manufacture approach of the III group nitride system semiconducting crystal characterized by preparing at least one 
inner brim and forming said meandering section in said flow conduit in the manufacture approach of an HI group nitride 
system semiconducting crystal according to claim 3. 
[Claims] 

The manufacture approach of the III group nitride system semiconducting crystal characterized by controlling the 
amount of dopes of said silicon element to said III group nitride system semiconducting crystal by adjusting the flovv rate 
of the hydrogen halide which said flow conduit is made to pass in the manufacture approach of an O group nitride . : 
system semiconducting crystal according to claim 1 to 4. 
[Claim 6] 

The manufacture approach of the lU group nitride system semiconducting crystal characterized by controlling the 
amount of dopes of said silicon element to said III group nitride system semiconducting crystal by adjusting the 
temperature of said flow conduit in the manufacture approach of an in group nitride system semiconducting crystal 
according to claim 1 to 5. 
[Claim 7] 

The manufacture approach of the IH group nitride system semiconducting crystal characterized by adjusting said flow 
conduit in temperature of 800-1,150 degrees C in the manufacture approach of an in group nitride system 
semiconducting crystal according to claim 6. 
[Claim 8] 

The manufacture approach of the III group nitride system semiconducting crystal which is in the middle of growth of 
said III group nitride system semiconducting crystal, and is characterized by carrying out predetermined time interruption 
of the feeding of said m group metal halogenide to said substrate in the manufacture approach of an m group nitride 
system semiconducting crystal according to claim 1 to 7. 
[Claim 9] 

The manufacture approach of the III group nitride system semiconducting crystal characterized by making said 
downtime into 1-40 seconds in the manufacture approach of an in group nitride system semiconducting crystal 
according to claim 8, 
[Claim 10] 

The manufacture approach of the III group nitride system semiconducting crystal characterized by setting the amount of 
dopes of said silicon element in said HI group nitride system semiconducting crystal to 1x1016-1x1020 cm-3 in the 
manufacture approach of an III group nitride system semiconducting crystal according to claim 1 to 9. 
[Claim 11] 

In the manufacture approach of an ni group nitride system semiconducting crystal according to claim 1 to 10 By using 
ammonia as said nitrogen-containing compound gas, using a hydrogen chloride as hydrogen halide said object for lU 
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group metal halogenide generation, and for said silicon element dope, using a gallium as said III group metal The 
manufacture approach of the in group nitride system semiconducting crystal characterized by manufacturing the gallium 
nitride crystal with which said silicon element was doped as said m group nitride system semiconducting crystal. 
[Claim 12] 

The manufacture approach of the in group nitride system semiconducting crystal characterized by controlling 
independently the temperature of the upstream field where said III group metal source and said flow conduit have been 
arranged, and the temperature of the downstream field where said substrate has been arranged in the manufacture 
approach of an DI group nitride system semiconducting crystal according to claim 1 to 1 1, respectively. 
[Claim 13] 

It has the ID. group metal soxirce, tubing which supplies the hydrogen halide made to react, and tubing which supplies 
nitrogen-containing compound gas. In hydride vapor growth equipment equipped with the furnace which carries out 
gaseous phase reaction of said nitrogen-containing compound gas to the III group metal halogenide obtained by making 
said in group metal and said hydrogen halide react, and grows up an III group nitride crystal on a substrate Hydride 
vapor growth equipment characterized by having the second tubing which supplies hydrogen halide to said crystal 
growth furnace, and the flow conduit which draws the hydrogen halide which introduced from said second supply pipe 
on said substrate. 
[Claim 14] 

It is hydride vapor growth equipment characterized by said flow conduit consisting of a heat-resistant silicon content 
ingredient in hydride vapor growth equipment according to claim 13. 
[Claim 15] 

It is hydride vapor growth equipment characterized by said heat-resistant silicon content ingredient being a quartz or 
quartz glass in hydride vapor growth equipment according to claim 14. 
[Claim 16] 

It is hydride vapor growth equipment characterized by having the meandering section for increasing a touch area with the 
hydrogen halide to which said flow conduit passes through the interior in hydride vapor growth equipment according to 
claim 13 to 15. 
[Claim 17] 

It is hydride vapor growth equipment characterized by being formed of at least one inner brim by which said meanderinjg 
section was prepared in said flow conduit in hydride vapor growth equipment according to claim 16. 
[Claim 18] 

Hydride vapor growth equipment characterized by having a means to heat said III group metal source, said flow conduit, 
and said substrate, in hydride vapor growth equipment according to claim 13 to 17. 
[Claim 19] . ^ ' 

Said heating means is hydride vapor growth equipment characterized by being independently controllable respectively in 
the temperature of the upstream field where said III group metal source and said fiow conduit have been arranged in 
hydride vapor growth equipment according to claim 18, and the temperature of the downstream field where said substrate 
has been arranged. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the approach and hydride vapor growth equipment which manufacture the III group nitride 
system semiconducting crystal which contains Si as an n mold impurity especially about the method of manufacturing an 
ni group nitride system semiconducting crystal by hydride vapor growth (HVPE law), and its manufacturing installation. 

[Background of the Invention] 
[0002] 

A nitride semiconductor material has large forbidden-band width of face enough, and since interband transition is a direct 
transition mold, application to a short wavelength light emitting device is considered briskly. Moreover, since use of the 
two-dimensional carrier gas by that the electronic saturation drift velocity of a nitride semiconductor material is large and 
the heterojuhction is possible, the application to an electronic device is also expected. 
[0003] 

The method of using the GaN crystal layer in which the crystal defect used vapor growth, such as quick hydride vapor 
growth (HVPE) of the rate of crystal growth, carried out epitaxial growth of die GaN crystal thickly, removed the 
substrate substrate by a certain approach after growth termination, and remained on different-species substrates, such as 
sapphire, as an approach of obtaining comparatively little III group metal nitride system crystal substrate as an 
independent GaN substrate (GaN independence substrate) is adopted. 
[0004] 

as the approach of obtaining a GaN independence substrate ~ ELO (Epitaxial Lateral Overgrowth) — law is known. The 
ELO metiiod is an approach of obtaining a GaN layer with few rearrangements, by forming the mask which has opening 
in a substrate substrate, and carrying out lateral growth from opening. After JP,1 1-251253,A forms a GaN layer on 
silicon on sapphire using the ELO method, it removed silicon on sapphire by etching etc., and has proposed obtaining a 
GaN independence substrate. 
[0005] 

as the approach of obtaining the GaN independence substrate of a low rearrangement - DEEP (Dislocation Elimination 
by the Epi-growth with Inverted-Pyramidal Pits) ~ law was developed (for example, K.Motoki etal., 
Jpn.J.Appl.Phys. Vol.40, JP,2003- 165799 A, etc.). The DEEP method forms other fields into a low rearrangement by 
forming in a crystal front face two or more pits intentionally surroimded in respect of the facet, and making a 
rearrangement accumulate on the pars basilaris ossis occipitalis of a pit by growing up GaN using masks, such as silicon 
nitride which carried out patteming, on a GaAs substrate. 
[0006] 

as the approach of obtaining the GaN independence substrate of a low rearrangement ~ VAS (Void-Assisted Separation) 
~ for example, [Y.Oshima etal., Jpn.J.Appl.Phys.Vol.42(2003) pp.Ll-L3, JP,2003-178984,A], etc. as which law is also 
proposed. The VAS method grows up a GaN layer in the form where the void layer was made to intervene between 
silicon on sapphire and a GaN layer, and makes a GaN layer exfoliate bordering on a void layer after growth termination. 

[0007] 

In order to manufacture the device of the vertical electrode stmcture which attached the electrode to the rear face of a 
substrate as a GaN substrate used for manufacturing a light emitting device, what raised conductivity by addition of an 
impurity is usually used. Since it designs in many cases so that the maximimi front face of epitaxial structure may serve 
as a P type layer in case device structure is designed, the polarity of n mold is usually given to a GaN substrate. In order 
to give the polarity of P type to a GaN substrate, after carrying out crystal growth of the GaN with doping of Mg, heat 
treatment and activation by electron beam irradiation are performed. 
[0008] 

In case the GaN crystal of n mold is grown up by metal-organic chemical vapor deposition (MOVPE law), the approach 
of usually using a mono silane and a disilane for doping material gas, and doping a silicon element (Si) is taken (for 
example, JP,3-252175,A). However, neither a mono silane nor a disilane can be used for doping gas by the HVPE 
method. Since the HVPE method is die so-called hot wall type with which material gas contacts the reactor wall heated 
by the elevated temperature of crystal growth method, it is because it decomposes before a mono silane and a disilane 
reach a substrate, and it is not effectually incorporated during a crystal. 
[0009] 
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then, JP,2000-91234,A (patent reference 1) - HVPE - the approach of forming the nitride system group-El- V- 
semiconducter layer of n mold is proposed, using SiHxC14-X (x=l-3) for doping material gas, and doping Si at the time 
of the vapor growth by law. moreover, the oxygen by which JP,2000-44400,A (patent reference 2) is contained in 
material gas as an impurity — as a dopant ~ using ~ HVPE ~ the approach of manufacturing the gallium nitride single 
crystal substrate of n mold conductivity by law is proposed. 
[0010] 

[Patent reference 1] JP,2000-91234^ 
[Patent reference 2] JP,2000-44400,A 
[Description of the Invention] 
[Problem(s) to be Solved by Ac Invention] 
[0011] 

However, it is necessary to heat even to an about 1000-degree C elevated tenq>erature under existence of corrosive gas 
[ carry out / by the HVPE mediod / crystal growth of the m group metal nitride ], such as a hydrogen chloride and 
ammonia. For this reason, what consists of an ingredient which has corrosion resistance to a corrosive ambient 
atmosphere as a member which constitutes a crystal growth fiimace must be chosen, generally corrosion resistance and 
thermal resistance are high, it is comparatively cheap, and the quartz member also with easy processing is used 
abundantly. 
[0012] 

All over the crystal growth furnace which consists of a quartz member, when a hot wall type crystal growth method 
performs GaN crystal growth, there is a problem that an auto dope is carried out diuing the crystal with which Si 
produced by the deficit of a quartz member under the corrosive ambient atmosphere grows. The eimount of Si by which 
an auto dope is carried out is about 1x1016 cm-3 at least, and when many, it reaches even in the second half of 1017 cm- 
three set. Since the amount of Si mixed in a crystal has the inclination for HCl introduced in the furnace to be influenced 
by the rate of reacting with Ga, it will change with the residues of Ga raw material. If the auto dope of Si furthermore 
takes place, it will become difficult to control the carrier concentration under GaN crystal which grows to a desired 
value. It becomes difficult to control carrier concentration in not more than 1x1018 cm-3 to a desired value especially, or 
to reproduce carrier concentration. By the approach of the patent reference 1 and 2, since the auto dope of such Si took 
place, the problem was in the controllability and repeatability of carrier concentration under crystal. 
[0013] 

As the auto dope of Si does not take place, in order to control the amount of mixing of Si only by control of flow of 
doping material gas, the cure which coats the front face of a quartz ingredient with corrosion resistance / heat-resistant 
ingredients, such as PAIRORI tick boron nitride (pBN), by CVD etc. is performed that what is necessaiy is just to use the 
ingredient which does not contain Si, but since coating of a large-sized member is very [ technically difficultly and ] high 
cost, it has seldom spread. Moreover, when it coats with pBN etc., there is also a demerit of the transparency of a quartz 
member being lost and being hard coming to observe the inside of a furnace. 
[0014] 

Therefore, the purpose of this invention is offering the approach and equipment which can manufacture an HI group 
nitride system semiconducting crystal by hydride vapor growdi at easy and low cost, doping a silicon element using the 
crystal growtii furnace which used the quartz member, as it is also at the outstanding controllability and repeatability. 
[Means for Solving the Problem] 

[0015] 

An example is taken by the above-mentioned purpose. Wholeheartedly as a result of research this invention persons 
From the supply pipe of the hydrogen halide for III group metal halogenide generation, and the second different supply 
pipe By introducing hydrogen halide into a crystal grow^ furnace further, letting it pass to the flow conduit which 
consists of a heat-resistant silicon content ingredient, leading on a substrate, and doping the silicon element contained in 
said flow conduit to an III group nitride system semiconducting crystal It hit on an idea of the ability of an III group 
nitride system semiconducting crystal to be manufactured by hydride vapor growth at easy and low cost to a header and 
this invention, doping a silicon element using the crystal growth furnace which used the quartz member, as it is also at 
the outstanding controllability and repeatability. 
[0016] 

Namely, the manufacture approach of the HI group nitride system semiconducting crystal of this invention Hydrogen 
halide is supplied to the III group metal source laid all over the crystal growth furnace. Make both react, make the 
halogenide of said HI group metal generate, and gaseous phase reaction of the nitrogen-containing compound gas is 
carried out to said obtained HI group metal halogenide. It is what is depended on the hydride vapor growth which grows 
up an ni group nitride crystal on a substrate. By introducing hydrogen halide into said crystal growth fumace further 
from the supply pipe of the hydrogen halide for said HI group metal halogenide generation, and the second different 
supply pipe, letting it pass to the flow conduit which consists of a heat-resistant silicon content ingredient, and leading on 
said substrate It is characterized by doping the silicon element contained in said flow conduit to said III group nitride 
system semiconducting crystal. 
[0017] 

It is desirable to use a quartz or quartz glass as a heat-resistant silicon content ingredient which constitutes said flow 
conduit. It is desirable to prepare the meandering section for increasing a touch area with the hydrogen halide for said 
silicon element dope in said flow conduit. It is desirable to prepare at least one inner brim and to form said meandering 
section in said flow conduit. 
[0018] 
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As for the amount control of dopes of said silicon element to said III group nitride system semiconducting crystal, it is 
desirable that accommodation of the hydrogen halide flow rate which said flow conduit is made to pass, and/or the 
temperature control of said flow conduit perform. It is desirable to adjust said flow conduit in temperature of 800-1,150 
degrees C. 
[0019] 

It is in the middle of growth of said IE group nitride system semiconducting crystal, and the growth intermption process 
which carries out predetermined time interruption of the feeding of said HI group metal halogenide to said substrate may 
be established, and, thereby, the doping effectiveness of said silicon element to said HI group nitride system 
semiconducting crystal improves. As for the time amount of said growth interruption, considering as 1 - 40 seconds is 
desirable. It is desirable to set the amoimt of dopes of said silicon element in said HI group nitride system 
semiconducting crystal to 1x1016-1x1020 cm-3. 
[0020] 

The gallium nitride crystal with which said silicon element was doped as said III group nitride system semiconducting 
crystal can be preferably manufactured by using ammonia as said nitrogen-containing compound gas, using a hydrogen 
chloride as hydrogen halide said object for III group metal halogenide generation, and for said silicon element dope, 
using a gallium as said HI group metal. 
[0021] 

Tubing with which the hydride vapor growth equipment of this invention supplies the HI group metal source and the 
hydrogen halide to which it is made to react. And it has the furnace which it has [ furnace ] tubing which supplies 
nitrogen-containing compound gas, carries out gaseous phase reaction of said nitrogen-containing compound gas to the 
ni group metal halogenide obtained by making said III group metal and said hydrogen halide react, and grows up an III 
group nitride crystal on a substrate. It is characterized by furthermore having the second tubing which supplies hydrogen 
halide to said crystal growth furnace, and the flow conduit which draws the hydrogen halide which introduced from said 
second supply pipe on said substrate. 
[0022] 

It is desirable to have a means to heat said III group metal source, said flow conduit, and said substrate. As for said 
heating means, it is desirable that it is independently controllable respectively in the temperature of the upstream field 
where said III group metal source and said flow conduit have been arranged, and the temperature of the downstream field 
where said substrate has been arranged. 
[Effect of the Invention] 
[0023] 

According to this invention, an III group nitride system semiconducting crystal can be manufactured by hydride vapor 
growth at easy and low cost, doping Si as it is also at the outstanding controllability and repeatability, since the amount 
of auto dopes of Si is controllable without being accompanied by use of Si doping material gas. Moreover, according to 
this invention, since Si doping material gas is not used, the miniaturization of hydride vapor growth equipment is 
possible. The HI group nitride system semiconducting crystal obtained by manufacture of this invention is suitable for III 
group nitride system semiconductor devices, such as a laser diode (LD) and a light emitting diode (LED). 
[Best Mode of Carrying Out the Invention] 
[0024] 

Hereafter, the manufacture approach of the III group nitride system semiconducting crystal of this invention and a 
manufacturing installation are explained to a detail with reference to a drawing. 
[1] Hydride vapor growth equipment 

Drawing 1 shows an example of equipment [hydride vapor growth equipment (HVPE growth equipment)] which 
manufactures the DI group nitride system semiconducting crystal of this invention. As shown in drawing 1 , HVPE 
growtii equipment is (a). The outer tube which extends horizontally fi-om one medial svuface of the crystal growth 
fumace 1, and constitutes the hydrogen halide flow conduit 2 for silicon (element Si) auto dope control. The double pipe 
10 which consists of an inner tube which constitutes the hydrogen halide flow conduit 3 for HI group supply, (b) The 
hydrogen halide supply pipe 30 for III group supply which is open for free passage from an external source of supply to 
the hydrogen halide flow conduit 3 for III group supply, (c) The hydrogen halide supply pipe 20 for Si auto dope control 
which is open for free passage from an external source of supply to the hydrogen halide flow conduit 2 for Si auto dope 
control, and 20, (d) The nitrogen-containing compound gas supply line 4 which a double pipe 10 is formed up and down, 
and is open for free passage in the crystal growth fumace 1 from an external source of supply, and 4, (e) The substrate 
holder 50 currently supported free [ rotation ] with the holder revolving shaft 51, and (f) It has the upstream heater 7 and 
downstream heater T which were prepared in the perimeter of the crystal growth fumace 1 and which are a cylinder-like 
respectively. The exhaust port 6 into which the gas after a reaction is made to flow is established in the crystal growth 
fumace 1 . Vacuum suction is possible by evacuation equipment through an exhaust port 6 if needed. 
[0025] 

As for the wall of the crystal growth fumace 1, it is desirable to consist of a viewpoint to a quartz or quartz glass, such as 
diermal resistance, corrosion resistance, low-cost-izing, and transparency. In this invention, since the silicon element (Si) 
produced when the wall suffered a loss by corrosive [ of hydrogen halide ] is doped by the III group nitride system 
semiconducting crystal in case hydrogen halide passes a flow conduit 2, a heat-resistant silicon content ingredient is used 
as an ingredient which constitutes a double pipe 10. As a heat-resistant silicon content ingredient, a quartz, quartz glass, 
silicon carbide, silicon nitride, and silicon are desirable, and a viewpoint to a quartz and quartz glass, such as corrosion 
resistance, low-cost-izing, and transparency, are more desirable. 
[0026] 
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As shown in drawing 1 , as for the hydrogen halide flow conduit 2 for Si auto dope control, it is desirable to have the 
meandering section 21 for increasing a touch area with hydrogen halide. Since the contacting efficiency of a heat- 
resistant silicon content ingredient and hydrogen halide improves by increasing the wall of a flow conduit 2, and the 
touch area of hydrogen halide, control of the amount of Si dopes becomes easy. The meandering section 21 can be 
formed by forming an inner brim 22 in a flow conduit 2, preparing a projection in a flow conduit 2, or considering as the 
structure where the wall of a flow conduit 2 was made to move in a zigzag direction, as shown in (frawing 1 . 
[0027] 

Although the double pipe 10 constitutes the hydrogen halide flow conduit 2 for Si auto dope control, and the hydrogen 
halide flow conduit 3 for III group supply, respectively independent tubing may constitute not the meaning limited to 
using a double pipe 10 but the flow conduits 2 and 3 from the example shown in drawing 1 . 
[0028] 

To be shown in drawing 1 , when HVPE growth equipment has the upstream heater 7 and downstream heater 7&apos; as 
a heating means, the temperature of the downstream field (growth field) where temperature, and the in group metal 
halogenide and nitrogen-containing compound gas of the upstream field where the EI group metal source 8 and the 
hydrogen halide flow conduit 2 for Si auto dope control are mainly heated react, and an III group nitride crystal grows is 
independently controllable. However, the structure which allotted only downstream heater T as it was not necessary to 
necessarily have both the upstream heater 7 and downstream heater T and was shown in drawing 2 is sufficient. In the 
case of the equipment shown in drawing 2 , the temperature of the in group metal source 8 is controllable in a 
predetemiined temperature requirement by adjusting the temperature of a downstream heater by being able to adjust the 
temperature of the hydrogen halide flow conduit 2 for Si auto dope control, and changing the horizontal location of the 
ni group metal soim:e 8 within a flow conduit 3, and adjusting the distance of the III group metal source 8 and 
downstream heater T, As shown in drawing 1 and 2, the tencqjerature of an upstream field can be measured with the 
thermocouple 12 installed in the boat 1 1 into which the III group metal source 8 is put, and the temperature of a growth 
field can be measured with the thermocouple 13 installed in the substrate holder 50. 
[0029] 

Although the HVPE growth equipment shown in drawing 1 and 2 has a horizontal-type crystal-growth furnace, as long 
as the hydrogen halide supply pipe 20 for Si auto dope control and a flow conduit 2 are had, the application to the 
equipment which has various crystal-growth furnaces of a format, such as a vertical mold, a planetary type (type to 
which vapor growth of the compovmd semiconductor layer is carried out on the substrate held at the susceptor which is 
equipped with the substrate rolling mechanism of a planetary mold, and rotates by the substrate rolling mechanism), and 
a barrel type, is possible for the HVPE growth equipment of this invention. 
[0030] , . 

[2] The manufacture approach of an III group nitride system semiconducting crystal 

How to manufacture an III group nitride system semiconducting crystal is explained using the HVPE growth equipment 
shown in drawing 1 below. A substrate 5 is first installed in the substrate holder 50, and the boat 1 1 containing the HI 
group metal soiu-ce 8 is laid in the hydrogen halide flow conduit 3 for III group supply. The crystal growth furnace 1 is 
heated to predetermined temperature, and the hydrogen halide for III group supply, nitrogen-containing compound gas, : 
and the hydrogen halide for Si auto dope control are introduced fi:om supply pipes 30 and 4, 4 and 20, and 20, 
respectively. The hydrogen halide for III group supply reacts with the HI group metal source 8, and the generated III 
group metal halogenide passes a flow conduit 3 with carrier gas, and mixes it with the nitrogen-containing compound gas 
which has flowed in the direction of a substrate with carrier gas in accordance with the outer wall of a double pipe 10. 
When nitrogen-containing compoxmd gas carries out gaseous phase reaction to the mixed III group metal halogenide, the 
III group nitride system semiconducting crystal layer 9 carries out vapor growth on a substrate 5. Although manufacture 
of an III group nitride system semiconducting crystal is usually performed by ordinary pressure, you may carry out under 
reduced pressure if needed. As carrier gas which circulates the hydrogen halide for III group supply, and nitrogen- 
containing confound gas, H2 and N2 are desirable. 
[0031] 

In case the hydrogen halide for Si auto dope control passes a flow conduit 2, after it incorporates Si produced when the 
wall suffered a loss by corrosive [ of hydrogen halide ], it reaches on a substrate 5. Si which reached on the substrate 5 is 
doped to the III group nitride system semiconducting crystal in vapor growth. As for the hydrogen halide for Si auto 
dope control, it is desirable to make it circulate with carrier gas. Also as for the carrier gas which circulates the hydrogen 
halide for Si auto dope control, H2 and N2 are desirable. 
[0032] 

There is especially no limit in the class of HI group nitride system semiconducting crystal manufactured by the approach 
of this invention. The HE group nitride system semiconducting crystal which can grow by the conventional HVPE 
method can be grown up also in this invention. Single crystals, such as gallium nitride (GaN), indiimi nitride (InN), 
alumimium nitride (AIN), an indium nitride gallium (InGaN), and an alimiimium nitride gallium (AlGaN), can be 
manufactured preferably, and, specifically, gallium nitride (GaN) can be manufactured more preferably. 
[0033] 

The case where gallium nitride (GaN) is manufactured below is taken for an example, and how to manufacture an III 
group nitride system semiconducting crystal is explained to a detail. As the gallium (Ga) source, Ga is desirable. As 
nitrogen-containing compoxmd gas, ammonia (NH3) is desirable. However, nitrogen-containing compound gas is not 
limited when consisting only of a nitrogen-containing compound, but it may contain other V group compound gas 
according to the purpose in the range which does not check the effectiveness of this invention. The gas of the compound 
containing Lynn, arsenic, etc. is mentioned as other V group compoimd gas. Therefore, as long as there is especially no 
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notice, the vocabulary "nitrogen-containing conq)Ound gas" used in this specification should be understood to be a thing 
containing both a nitrogen-containing compound simple substance, and V group compound gas besides nitrogen- 
containing compoxmd +. As the hydrogen halide for IE group supply, and hydrogen halide for Si auto dope control, a 
hydrogen chloride (HCl), a hydrogen bromide (HBr), hydrogen iodide (HI), and hydrogen fluoride (HF) are mentioned, ' 
and HCl is desirable especially. When using HF, it dilutes with carrier gas to very thin concentration so fliat the crystal 
growth furnace 1 and a flow conduit 2 may not be damaged. 
[0034] 

When NH3 is used as nitrogen-containing compound gas, using HCl as hydrogen halide for III group supply, using Ga as 
an En group metal, it is the following type within a flow conduit 3(1). : 
2Ga+2HCl -> 2GaCl+H2 - (1) 

GaCl generates according to the reaction which is alike and is expressed more, and it is the following formula on a 
substrate 5 (2). : 

GaCl+NH3 -> GaN+HCl+H2 - (2) 

According to the reaction which is alike and is expressed more, GaN carries out vapor growth. 
[0035] 

As for HCl for Si auto dope control, it is desirable to contact NH3 on a substrate 5 as mentioned above. If it reacts with 
NH3 before HCl for Si auto dope control reaches on a substrate 5, NH4C1 will generate. If NH4C1 generates, NH3 which 
contributes to growth of GaN will be consumed, and the problem that a growth rate becomes slow will arise. For this 
reason, HCl supphed for the purpose of the auto dope of Si is made to reach on a substrate 5 by the independent flow 
conduit 2 so that Ga source and NH3 may not be contacted as shown in drawing 1 . in addition, excessive HCl is 
supplied to the hydrogen halide flow conduit 3 for III group supply, and unreacted ~ although the auto dope of the Si can 
be carried out also by increasing HCl, if the independent flow conduit 2 is not used like this invention, control of the 
amount of Si dopes is difficult. 
[0036] 

The amoimt of Si dopes to an III group nitride system semiconducting crystal is controllable by adjusting the temperature 
of the hydrogen halide flow conduit 2 for Si auto dope control, and/or the speed of supply of HCl for Si auto dope 
control. 
[0037] 

As for the temperature of the hydrogen halide flow conduit 2 for Si auto dope control, it is desirable to control at 800- 
1,150 degrees C. If this temperature is made into less than 800 degrees C, since the temperature of the Ga source 8 which 
becomes almost equal to the temperature of a flow conduit 2 will become less than 800 degrees C, the problem of 
generation reacting [ of GaCl ] becoming inadequate, a GaN crystal growth rate falling or the repeatability of GaN 
crystal growth worsening arises. If this temperature is 1,150-degree-C super-**(ed), since the reactivity of material gas 
will become high too much on the other hand, GaN deposits in the exhaust nozzle of a double pipe 10, and the problem 
of the GaN rate of crystal growth on a substrate 5 falling, or the homogeneity of field internal division cloth getting 
worse arises. Since those softening temperatures are about 1,200 degrees C when a quartz member furthermore 
constitutes the crystal growth fumace 1 and a flow conduit 2, and temperature of a flow conduit 2 is 1,150-degree-C 
super-* *(ed), if strong corrosive HCl and NH3 are passed, it will lead also to being accompanied by risk of having called 
it leak of gas, and the burst of the crystal growth fumace 1. As for the temperature of a flow conduit 2, it is more 
desirable to control at 850- 1 , 1 00 degrees C. 
[0038] 

It is desirable to set each partial pressure of GaCl in a growth field, and NH3 and HCl to 193 - 1,930 Pa, 2,895 - 9,650 
Pa, and 19 - 676 Pa under ordinary pressure, respectively. Thereby, there are few crystal defects and the GaN crystal by 
which it was controlled by the range where the amoimt of Si dopes is suitable is obtained. It is desirable to set the speed 
of supply of HCl for in group supply to 20 - 200 seem, to set the speed of supply of NH3 to 300 - 1,000 seem, and to set 
the speed of supply of HCl for Si auto dope control to 2 - 70 seem, in order to make each partial pressure of GaCl, and 
NH3 and HCl into the above-mentioned range, for example, when the total quantity of gas flow is 10.5 shn. 
[0039] 

Although the approach of controlling the amount of Si dopes by controlling the flow rate of HCl which passes a flow 
conduit 2 is simple when using the HVPE growth equipment shown in drawing 2 , the amount of Si dopes is controllable 
by the temperature control of a flow conduit 2 by arranging a flow conduit 2 to a desired temperature field, and securing 
the tube length of sufficient die length, when the temperature distribution in a fumace have been grasped. 
[0040] 

It is desirable to control the temperature of a growth field at 800-1,150 degrees C. If temperature of a growth field is 
made into less than 800 degrees C, a GaN crystal growth rate will become slow. On the other hand, if temperature of a 
growth field is made into 1,150 degrees C or more, the reactivity of material gas will become high too much as 
mentioned above. As for the temperature of a growth field, it is more desirable to control at 850-1,100 degrees C. 
[0041] 

In order to increase the amoimt of Si dopes to a GaN crystal, the growth interruption process which carries out 
predetermined time interruption of the feeding of GaCl to a substrate 5 in the middle of GaN crystal growth may be 
established. Although the time amount which interrupts growth should be suitably controlled according to the speed of 
supply and reaction temperature of each material gas, it is desirable to consider as 1 - 40 seconds generally, thereby, 
carrier concentration can be controlled with a sufficient precision, and a flat semi-conductor layer is obtained. If growth 
downtime is made into less than 1 second, improvement in doping effectiveness cannot be desired. On the other hand, if 
growth downtime is made longer than 40 seconds, even if it is ruined with a pyrolysis etc. and it resumes growth after 
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that, a flat epitaxial front face will no longer be obtained, and the problem that the amount of Si dopes becomes a 

saturation inclination further will arise. 

[0042] 

When establishing a growth interruption process, a growth interruption process and a growth process are repeated by 
turns xmtil a GaN crystal generally becomes desired thickness. As for the time amoimt of a growth process, considering 
as 5 - 600 seconds is desirable. It is desirable to circulate only carrier gas at the time of growth interruption, or to 
circulate the hydrogen halide for Si auto dope control with carrier gas. 
[0043] 

From viewpoints, such as growth time amount and cost reduction, the minimum of a GaN crystal growth rate has 10 or 
more desirable micrometer/h, and its 20 or more micrometer/h is more desirable. From a viewpoint which secures high 
crystallinity, the upper limit of a GaN crystal growth rate has desirableh in SOOmicrometers /or less, and is more 
desirable. [ of 300 or less micrometer/h ] 
[0044] 

As an ingredient which constitutes a substrate 5, sapphire (aluminum 203), silicon carbide (SiC), a zinc oxide (ZnO), a 
gallium acid lithiimi {LiGa02), a spinel (MgAl 204), silicon (Si), gallium phosphide (GaP), gallium arsenide (GaAs), 
etc. are mentioned. It is desirable to use sapphire (aluminum 203), silicon carbide (SiC), a gallium acid lithium 
(LiGa02), a spinel (MgAl 204), or silicon (Si) from a viewpoint of stability over an elevated temperature as an 
ingredient which constitutes a substrate 5 especially. 
[0045] 

The amount of Si dopes under GaN crystal is controllable by the manufacture approach described above in beyond 
1x1016 cm-3. Although there is especially no limit in the upper limit of the amount of Si dopes, it is desirable that it is 
less than [ 1x1020 cm-3 ]. n mold carrier concentration becomes high and conductivity improves so that the amount of Si 
dopes becomes high, but it is for crystallinity to fall when 1x1020 cm-3 are exceeded, n mold carrier concentration of a 
GaN crystal becomes almost equal to the amoimt of Si dopes. Although the amoimt of Si dopes should be suitably 
controlled according to the device made into the purpose, it is more desirable to be referred to as 1x101 6- 1x1019 cm-3 
generally, and it is desirable to especially be referred to as 1x1017-1x1019 cm-3. 
[0046] 

Although the magnitude of dispersion in the carrier concentration of the III group nitride system semiconducting crystal 
obtained by the approach of this invention changes with the amount of Si dopes, the speed of supply of the hydrogen 
halide for Si auto dope control at the time of manufacture, temperature of the hydrogen halide flow conduit 2 for Si auto 
dope control at the time of manufacture, etc., it is less than **20% in the amount of Si dopes of 1x1016-1x1020 cm-3. 
Magnitude of dispersion in carrier concentration is made so small that [, so that the speed of supply of the hydrogen 
halide for Si auto dope control is made low, and ] temperature of the hydrogen halide flow conduit 2 for Si auto dope 
control is made low. 

[0047] . . 

The template by which the III group nitride system semiconducting crystal layer 9 was formed in the substrate 5 by the 
approach of this invention can be used as an III group nitride system semiconducting crystal substrate. Moreover, the III 
group nitride system semiconducting crystal 9 obtained by removing a substrate 5 from a template may be used as an 
independence substrate. An "independence substrate" not only can hold its conflguration, but means the substrate which 
has the reinforcement which is extent which un-arranging does not produce in handling here. In order to have such 
reinforcement, it is desirable to set thickness of an independence substrate to 200 micrometers or more. Moreover, it is 
desirable to set thickness of an independence substrate to 1mm or less in consideration of the ease of the cleavage after 
component formation etc. In 1mm **, cleavage becomes difficult and irregularity arises in a cleavage plane. When it 
applies as a result, for example, semiconductor laser etc., degradation of the device property by the reflective loss poses a 
problem. As the removal approach of a substrate 5, physical etching by etching by mechanical polish and strong-base 
nature or the strong acid nature chemical, the electric charge beam, or the neutral beam etc. is mentioned, for example. 
[0048] 

What is necessary is just to form semiconductor device structure on the crystal layer 9 of a template, or an independence 
substrate, in order to produce an III group nitride system semiconductor device using the template or independence 
substrate obtained by the approach of this invention, when forming semiconductor device stmcture especially on an 
independence substrate, the design degree of freedom of semiconductor device structure is markedly alike, and improves. 
The in group nitride system semiconducting crystal obtained by manufacture of this invention is suitable for HI group 
nitride system semiconductor devices, such as a laser diode (LD) and a light emitting diode (LED). 
[0049] 

Although the following examples explain this invention to a detail further, this invention is not lunited to these examples. 

[Example] 
[0050] 

The exan^le 1 of reference 

The GaN crystal layer was formed using the equipment shown in drawing 1 . 
Ga source temperature : 850 950 or 1 100 degrees C 
Substrate holder temperature: 1050 degrees C 
Substrate: Sapphire 

Crystal-growth frunace: High grade quartz 
Pressure: Ordinary pressure 
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Growth time amount: 360 minutes 
The total quantity of gas flow: 10.5 slm 

50 seem supply of the HCl was carried out from the supply pipe 30, and 250 seem supply of NH3 was respectively 
carried out from a supply pipe 4 and 4. Nitrogen was used as carrier gas which circulates each material gas. Formation of 
a GaN crystal layer was repeated 10 times at each Ga source temperature. Thickness in case Ga source ten^erature is 
850 degrees C was 470 micrometers by the average in the core, obtained every — a GaN crystal — van der Paw ~ carrier 
concentration was investigated by law. A result is shown in Table 1 and drawing 3 , and 4. 
[0051] 
[Table 1] 



(HI) 


Ga y-:^m.mm^^ v T«a 


r (cm-a) 


850*0 


950'C 


iioot; 


i 




4.36X10" 


9.68X10" 


2 


1.98X10" 


4.62X10" 


9.83X10" 


3 


1.93X10" 


5.15X10" 


1.03X10" 


4 


2.03X10" 


5.14X10" 


9.97X10" 


5 


2.14X10" 


5.19X10" 


1.2X 10i» 


6 


1.59X10" 


5.31X10" 


9.85X10" 


7 


2.07X 10" 


4.38X 1017 


9.72X 10" 


8 


1.54X10" 


4.87X10" 


9.94X10" 


9 


1.79X 10" 


5.02X10" 


l.llX 1018 


10 


2.11X10" 


5.38X10" 


1.07 X 1018 



[0052] 

By controlling Ga source temperature showed that the carrier concentration under crystal was controllable with a 
sufficient precision in it being also at the outstanding repeatability from Table 1, drawing 3 , and 4. However, the range 
which can control carrier concentration was as narrow as 1x1017 cm-3-lxl018 cm-3, and the inclination for carrier 
concentration to be saturated with a high carrier concentration side was seen. Since this did not introduce HCl for Si auto 
dope control, it is considered to originate in a means to promote the auto dope of Si positively having been inadequate. 
[0053] 
Example 1 

Temperature of the hydrogen halide flow conduit 2 for Si auto dope control which consists of a high grade quartz was 
made into 850 degrees C using the growth equipment shown in drawing 1 , and the GaN crystal layer was formed in the 
flow conduit 2 like the example 1 of reference except having led on the substrate 5 through a supply pipe 20 and HCl 
introduced from 20. A gas supply line 20 and the total flow of HCl supplied from 20 were changed with 5, 10, 30, and 50 
seem, and formation of a GaN crystal layer was repeated 6 times on each flow rate conditions. Whenever it formed each 
GaN crystal layer, additional charge of die part for consumed Ga source was carried out, and it controlled so that the 
early amount of Ga sources always became fixed. The carrier concentration of each obtained GaN crystal was 
investigated. A result is shown in Table 2 and drawing 5 , and 6. 
[0054] 
[Table 2] 
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^iHi ; 




0 seem 


5 seem 


10 seem 


30 seem 


50 seem 


1 


1.37X101' 


2.51X10" 


4.53X10" 


1.82X1018 


3.54X 1018 


2 


1.98X10" 


2.84X101' 


3.98X10" 


2.03X1018 


4.52X 10>« 


3 


1.93X 101' 


2.35X 10" 


4.83X 10" 


1.82X 1018 


4. IX 1018 


4 


2.03X 101' 


2.41X10" 


3.68X10" 


1.68X1018 


3.14X1018 


5 


2.14X 101' 


2.98X10" 


4.59X10" 


2.14X 1018 


3.59X1018 


6 


1.59X 101' 


2.57X10" 


4.9X10" 


1.71X 1018 


3.98X 1018 



[0055] 

By controlling the flow rate of the HCl gas supplied on a substrate 5 by the flow conduit 2 from Table 2 and drawings 5 , 

and 6 showed that the carrier concentration under crystal was controllable with a sufficient precision in it being also at 

the outstanding repeatabihty. The range of the carrier concentration under crystal is 1x1017 cm-3-5xl018 cm-3, and the 

crystal which has sufficiently high carrier concentration although the low electrode of contact resistance is attached was 

obtained. 

[0056] 

Example 2 

The GaN crystal layer was formed like the exarrple 1 except the HCl flow rate for Si auto dope having prepared the 
growth interruption process in the bottom of the condition of 5sccm(s). Growth downtime was made into 2 seconds, 5 
seconds, 15 seconds, 30 seconds, and 60 seconds, and growth time amount was made into 300 seconds. Only carrier gas 
was passed at the time of growth interruption. An experimental result is shown in Table 3 and drawing 7 , and 8. 
[0057] 
[Table 3] 



(m) 




0 B 


2 8 


5 s 


15 s 


30 8 


60 e 


1 


2.61X10" 


3.93X10" 


5.35X10" 


1.5X 1018 


5.81 X IQis 


7.71 X 1018 


2 


2.84X10" 


3.71X10" 


6.34X10" 


1.42X10" 


5.94X1018 


7.63X1018 


3 


2.35X 10" 


3.98X10IT 


5.58X101T 


1.49X 10«8 


6.1X10»8 


7.62X1018 


4 


2.41X10" 


3.81X10" 


5.47X10" 


1.42 X 1018 


6.02X1018 


7.88X1018 


6 


2.98X10" 


4.09X10" 


5.39X10" 


1.39X10'« 


6.13X1018 


7.74X10" 


6 


2.57X10" 


4.0X10" 


6.5X101' 


1.53X10'» 


6.97X1018 


7.56X10" 



[0058] 

Table 3 and drawing 7 , and 8 showed that carrier concentration could be raised with the repeatability held which was 
excellent by establishing a growth interruption process. However, when downtime was 60 seconds, the front face of a 
GaN crystal layer is ruined a little, and it was inferior to surface smoothness. Moreover, carrier concentration was a 
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saturation inclination when downtime was made into 60 seconds (carrier concentration was measured after grinding a 
front face.). 

[Brief Description of the Drawings] 
[0059] 

[Drawing 11 It is the outline sectional view showing an example of the hydride vapor growth equipment of this invention. 

[Drawing 2] It is the outline sectional view showing anodier example of the hydride vapor growth equipment of this 
invention. 

[Drawing 31 It is the graph which shows the relation between the count of growth, and carrier concentration about each 
GaN crystal of the example 1 of reference. 

[Drawing 4] It is the graph with which Ga source temperature dependence of carrier concentration is expressed about 
each GaN crystal of the example 1 of reference. 

[Drawing 5] It is the graph which shows the relation between the count of growth, and carrier concentration about each 
GaN crystal of an example 1. 

[Drawing 6] It is the graph with which the HCl flow rate dependency of carrier concentration is expressed about each 
GaN crystal of an example 1 . 

[Drawing 7] It is the graph which shows die relation between flie count of growth, and carrier concentration about each 
GaN crystal of an example 2. 

[Drawing 8] It is the graph with which the growth downtime dependency of carrier concentration is expressed about each 
GaN crystal of an example 2. 
[Description of Notations] 
[0060] 

1 ... Crystal growth furnace 

2 ... Hydrogen halide flow conduit for Si auto dope control 

3 ... Hydrogen halide flow conduit for III group supply 
4 ... Nitrogen-containing compound gas supply line 

5 ... Substrate 
6 ... Exhaust port 

7 r ... Heater 

8 ... Ill group metal source 

9 ... Ill group nitride system semiconducting crystal layer 

10 ... Double pipe 

11 ...Boat 

12 13 ... Thermocouple 

20 ... Hydrogen halide supply pipe for Si auto dope control 
21... Meandering section 

22 ... Inner brim , 
30 ... Hydrogen halide supply pipe for HI group supply 

50 ... Substrate holder 

51 ... Holder revolving shaft 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0059] 

[Drawing 1] It is the outline sectional view showing an example of the hydride vapor growth equipment of this invention. 

[Drawing 21 It is the outline sectional view showing another example of the hydride vapor growth equipment of this 
invention. 

[Drawing 3] It is the graph which shows the relation between the count of growth, and carrier concentration about each 
GaN crystal of the example 1 of reference. 

[Drawing 4] It is the graph with which Ga soiu*ce temperature dependence of carrier concentration is expressed about 
each GaN crystal of the example 1 of reference. 

[Drawing 51 It is the graph which shows the relation between the coimt of growth, and carrier concentration about each 
GaN crystal of an example 1. 

[Drawing 6] It is the graph with which the HCl flow rate dependency of carrier concentration is expressed about each 
GaN crystal of an example 1. 

[E)rawing 7] It is the graph which shows the relation between the count of growth, and carrier concentration about each 
GaN crystal of an example 2. 

[Drawing 8] It is the graph with which the growth downtime dependency of carrier concentration is expressed about each 
GaN crystal of an example 2. 



[Translation done.] 
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[Drawing 5] 
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fcB-eCaNPSr^^g^-ii:, sgSi|s?.T^ic K®*^{cCaN;iSr5!ai$-*«. *<?>-e*So 
[0 0 0 71 

t^iglti-Si<i:;<)«#-v»(7)-e. il'^CaN^^KlCnMo^liS-^x.^o Cah^;tKtiF^<;?;g 
[0 0 0 81 

na(OCah^H«H«r, ^U^m^mmMf^ (MCVPEjS) -CBfe^^i-frsatm, a-^^yvv 
^--^vv-^^^ K-e>'iril3N-;<f;x.icfflv^T^^7n^ (Si) ^ h''-y-r^:^mibmhiiX 
V^a («?!lx.tf# 11^3-252175^) « LiS^ LHVPq^T'fi, / -> 9 -> 9 K- tl* > 

i/;^rx ic ffl & c: t :{»s-e § ^ » HVPEft aj^jat^M^ ^tifz'}r^ tcM^ 5{)«^fi4 
[0 0 0 91 

112000-91234-^ mpf:xmi) y^E^zx^n^^SimK. siHcCi, ^ (x 
^m^m^mm-r&-^f&imm\^x^^:bo t;t#p§ 2000-44400^ mff^^m2) it. 

LX-^tfiX^^^^mMi: K-/^•>' h t LTfflv», HVPq^dJ: Jj-nM^MI* 

[0 0 1 01 

[#t?=:S:mi] #P3200O-91234^^f$| 
[#M=:fcie2] #112000-44400^^^ 

[00111 

L L Hvpq£ K J: 19 iiigi^jg ^-fkife S-ig ^s^S $ s iz Jij^-fb*^ ^r^^^rirv^ 



(5) 
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[0 0 121 
[0 0 131 

ilAS*-fim-f-&fjae>lcji, SiS-^S>a:»/**t^!Srfflv^*LJf J: <, «^x.*f;&^#J|E|-(7> Affile 

oTj-r-y ■;':J'**n>-^>r K (pBN) ^<75iia-:t:14/il-^'r4#Jts(-$-a/D#-e3 - 7" ^ 

[00141 

tifeoT. :$:%^<7>i65{i^ S^^^^r-ffffl t;ti^a^g^$rffi v>T. mUfzmm^^^V' 

[piM*^*1- «i> o#gl 

[0 0 151 
[0 0 161 

[0 0 171 
[0 0 181 



(6) 



3P 2005-223243 A 2005.8.18 



tv^o it^'^itw*8oo-i,i5ot:<?)iajgtt-iisiJ-rs<7>wt lv>o 

[00191 
[0 0 2 0] 

?tL;tM<b;^ry ^^Ai^B^H«-«ft L<Mjg-C§*o 
[0 0 2 1 ] 

[0 0 2 2] 

[l&l?<7)?S«)*] 
[0 0 2 3] 

K (LD) . |&:)fc^>f^-K (LED) #<^Iim^^ki^m4^^#T'/>M;^l^5?ii-C^,*o 

* *Jfii-r & ;t * (^):g.ao?l^,^] 
[0 0 2 4] 

[1] /^>r F^ffi^:g^S 

iaifi*l&§g(7)III;^^-fbt»^^^#^H^B«rS&3t-r^^m K^-^- K^+g^g^m 
l<^-:^<OI*I1i!lffi:S^^*^:^IqIlcS£^£L> ^^7n^ (Si) h F-7'W=«ipffl/Nn^><ll 

SIIIiBlftJ^ffl/Nn'Jr'WkTfc^^il^BOt. Cc) ^1.§B«ig&Tl55>f,Si>- h K-y$iJtpffl/N 
nr>'<l:7lc^5iEiil=2 iCaia-f-^Si^- h K-'7'M#M/>o^>'fb7}c^ffii^lF20, 20^:, 

(d) -fii=iD<7)±Ti^^»t^ttTnfB'»i&M:5-'bim0^B^g^ 1 v^\z.^^-ri>^^%iY,'^m 

*';^tt*&W4, 4t> Ce) *;V:nBl^||li51jc j:o rising ^Iw^ltSitL-C v>*^;K*;v^^ 
50t. Cf) igB^5£S^l<^jaHJC^»tP)H;t:#>VFgiS^^cOJi5Kffi8li-^ 7:Sla^T3KiaIt:- 



C7) 
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[ 0 0 2 5 I_ 

[0 0 2 61 
[0 0 2 7] 

*j|gir-Cfi'£<> ^itair2:5lCJf3 Sr-ett-eti^35:co«Hi: L-Cb J:i/>o 
[0 0 2 81 

^''::^t^^BLmLxiim^^m^^Bi!}ms:-r^rmmm^ m^mm oaKs-i^&tcfw 
. m2iz^s<-rx^KTmm^-^ 7 '<o^^mLfzmjkxiii\.^^ m 2 \z^'r^m<7)m'^ 

mm<oumii^^^^)i^v^K^WiLrzmmnmzxiom&x^!b^ 

[0 0 2 9] 

l3l3l?/2tC^-tHVP^gE:g^§{J^Mi|^B^BBe:g^^^1-^;e)^ Si:^-^ h K-7'fIJ^^ffi/^ 
[0 0 3 0] 

[2] iiiiemJ^*¥^#^H^H<^>iidi:^fe 

0itt^ffl^Nn'>*>'fb7lc«ilW3F*iic^Mf ^H^H^S^p 1 ^m^tajgpS-eiJiilfeL, II 

^tt^*L^i^lp30. 4, 4;5l?/20, 2055^t,^A1-*o IIIKetti^ffl>'Nn^>'fb7)c^*iI 

IlJ^^^y-;^ 8 tSfSU. t7t:in^^M^^n<^>"fbt?{i^^ «; T*';^ir J: tp-^ii 

if3 sriiiiL> ^M^iotDnrnKB-ox^ ^ V TifT^Kx ^&m.-^m^zmfix ^tz^^^ 
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^m^^ur Xhyi^MJ^ a^-^^^f k^!^ :^r;^ mM ^'ti>^^vr^:^tLxmj^i/H,^i 
[0 0 3 1 1 

[0 0 3 21 

^^:ti}^X'^i,o ;Rr#69l^{i> ^-fk:**'; "^A (GaN) , ^-fb-f (InN) , mtT )V 

^:=.f;A (AIN) , M<b-f > A U i> -is (InCaN) , a<br 5 ^ 'i? A ;tf ij i> A (AlGa 
N) ^<o^m^i:BiL<U^t^^. ^it^^)^A (GaN) SrJ:«9ift L<S5i&T§ao 
[0 0 3 3 J 

WT^<b:^V'>A (GaN) ^riliti-S^-i-^^^iit V), IIIi^^<b!^^ii|^^'ft:eB^aS:iljt 

-ri>:^ft«-^«Biciiig-r;&o :^';->A (ca) y-xtLxiiCadb^tiftv\,^o ^^m<t^m 
^'7.tLXiiry^:=.T (NH,) Lv^o fi L-^^^-fb-g-i^p^f X li, -^M^-fb-a-fec^ 

'^tF*'^«-^*LT<)^v^o m<Dm^t^m:^'^tLXit^ SftS^^-^tf-fb-a-i^c^ 

mit-^^if:^! f±^ -g-H^^b-^i^^ft. iSO''^S*'fb^i^ + ffi<7)Wb-^%?5rx<7>w^^ 

^fyitiKmt'LXitmti^n (HCl) \ Jlfb*^ (HBr) , B^itii^m (HI) ^ZJ^y-y^t 
tKM (HF) 7is^Jf6*t> ff-CbHCWJfi tV^o HF=^ffiV>-2.J^^{i. ^h^h^M^^ 1 SCI^'^E 

[0 0 3 4] 

^^^tL T NH, ^ ffl ;t J^-g-, '^Eii^ 3 1*1 -eTIB^t CD : 
2Ga + 2HG — 2Caa + —CD 

izxy)m^fi^ Km^^-^ TGaCT^&s^^ t^ Mm. 5 ±-eTfBa;C2) : 

Caa + NH, GaN + Ha + H, — C2) 

i'XnU^ii&Kmiz%'=>XC3m^Mm^&-t^o 
[0 0 3 51 

So ^i3llli^tt*&ffl^^n^''>>fb7ic#-^ii^3 lCai#<7)HClS-#tjp&L. ^RjSHa^-iM^f 

ff Si K- :^aoftll^^*saii-e*So 
[0 0 3 61 

[0 0 3 71 

l^SLi>'8O0Vmmt^j:&<DX, Gaa<o^^K)^7f)^^-\'»ttS:y). Gah^B^<^lKgi^Jg[*«T;{i« : 
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[0 0 3 8] 

Be:S«i*l';fe»tSCaa, m,Rlf»C\<D^^mi . 'tffiTtC^V^T-etL-rtL 193- 1,930 P 
ek 2.895- 9.650 Pa:5t 19- 676 PafT^OW* LV>o ^*l(-J: ^m^^R.J^ib^^'k < . 

?r 20- 200 sconi: L. KH, <^'ft#&ii[JeSr 300- 1,000 scant L, Si;§-- h K-yfW^fflHCl 
cOfti^itJSS- 2 -70 scant Lv^o 
[0 0 3 91 

[0 0 4 0] 

tS:giii^cozajt=sr8oo~i.i50'ct^$tmi-^<7)/{)«jf J Lv>o ^^mm<^s.m.i:8oov^m 

±j^<7>X 9 izWM:^:^<DK}^^^m < »? igr<l>o ^;^^^<7>S*li85O-l,i00'C Hf)J^ 
[0 0 4 1 ] 

t<s CltLlc ct I9 3|fj^^< y T«Sj^'S:$im-e§i. :$^o^Jfi;Sr^«^f^^*«#^>tLSo fig 
4<^^J: 19 'b:S<-rs mM^<7)I^^B^mt'm^mzJ: »9^*LTL t v». 

[0 0 4 2] 
[0 0 4 3] 

500^tii/hJSlT*'}ift L<. 300;, m/hJSATJ&U »S LV>o 
[0 0 4 4] 

S«5 «r«J^-ra#^t LTfi. -if^T^T (Al.O,) . ^imm (SiQ . KfkS^ ( 
ZnO) , ifV^^Wt')^^^^ (LiCaO,) , (MgAl.O,) , =r > (Si) , m^t:^ 

(CaP) . mt^'V^J^ (GaAs) ^;i5^»f^ni>o ^^'C'b^'KS ^-^fiKfS^^t 
LT. i^Si::^1-S^je'f4<^m^)a^^> •9-7r>fT (A1,0,) , ^^1:3^^ (SiQ , :^'^) ^ 
^mV^^J^ (LiCaO!,) , (MgMM X{i->';=i> (Si) «-fflv>&<7):e>«JyF$ t 

[0 0 4 5] 
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Si < *S {5 fnM^ ^ U rSg?:**;^ < ij , ^mt**'|oI±-rs*s. Ix Itf" c 

. -|gtclxltf«~-lxltf» air» t-ra<7)^ij: ijjff L<> l xltf^~ i xltf» air' ft 
[0 0 4 61 

(75Si^-h K-7'$!Jf|Jffl^Nnr>"fb7}C^^EilW2(7)fij^^[;j:i5^;5j;&je,s^ lxl0^"~lx 
[0 0 4 7] 

[0 0 4 81 

-¥^^'<:^--K (LD) , (LB)) #<OlIIj^g'fblgj^^^^t:r'/>M>5.tc«fit 

[0 0 4 91 

[0 0 5 01 

cav-xSiK : 850, 950, 11001:: 
JE* : 

: 360^ 

IS**;^'^* : 10.5 Sim 

S: 10® *Sfe «9 il L o Cav - SjK*«850'C (^) I^O JKJ? *4 ft' 'L-^ ^ v> T^±l|-(it-C470;« 5 
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[0 0 5 1 1 



(@) 


Ga y — ;^Mgg(j=5r-v y TjS* (cm ») 


OOU V 


950\; 


iioot: 


1 


1.37X10" 




.bo X 10* » 


2 


1.98X10" 


4.62X10" 


9.83X10" 


3 


1.93X10" 


5.15X10" 


1.03X 10" 


4 


2.03X10" 


5.14X10" 


9.97X10" 


5 


2.14X10" 


5.19X10" 


1.2X101« 


6 


1.59X10" 


5.31X10" 


9.85X10" 


7 


2.07 X 10" 


4.38X10" 


9.72X 10" 


8 


1.64X10" 


4.87X10" 


9.94X10" 


9 


1.79X10" 


5.02X10" 


l.llX 10" 


10 


2.11X10" 


5.38X10" 


1.07X10" 



[0 0 5 2] 
[0 0 5 31 

^*&-tl.HCT(^|^JKfiS-5, 10, 30, 50 sconir^^r. #0iE«^#l?CaNjgH^SO?^^«- 6 
[0 0 5 41 
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[0.2] 







HCimM^m^^ i) Tm& (cm-s) 


(13) 


0 seem 


5 seem 


10 seem 


30 seem 


50 seem 


1 


1.37X10" 


2.51X10" 


4.53X10" 


1.82X 1018 


3.54X1018 


2 


1.98X101' 


2.84X10" 


3.98X10" 


2.03X 10*8 


4.52X1018 


3 


1.93X1017 


2.35X10" 


4.83X10" 


1.82X1018 


4.1X1018 


4 


2.03X10" 


2.41X10" 


3.68X10" 


1.68X 1018 


3.14X1018 


5 


2.14X10" 


2.98X10" 


4.69X10" 


2.14X 1018 


3.59X1018 




1.59X10" 


2.57X10" 


4.9X10^^ 


1.71X10i» 


3.98X1018 



[0 0 5 5] 
[0 0 5 6] 

^mm2 

mtmm^i'Lx. Qam^um^j^WLLtzo ^^^mnmt2fis>. i5#, -xs^^x/q 

[0 0 5 7] 
[^3] 









pmmmw^rvr9tx (em-*) 




Os 


2 8 


5 8 


15 8 


30 6 


60 a 


1 


2.51X10" 


3.93X1017 


5.35X10" 


1.5X1018 


5.81 X 1018 


7.71 X 1018 


2 


2.84X1017 


3.71X 1017 


5.34X10" 


1.42X1018 


6.94X 1018 


7.53X1018 


3 


2.35X10" 


3.98X10" 


5.58X10" 


1.49X1018 


6.1X1018 


7.62X10«8 


4 


2.41X1017 


3.81X10" 


5.47X10" 


1.42X1018 


6.02X1018 


7.88X1018 


5 


2.98X1017 


4.09X101' 


6.39X101' 


1.39X1018 


6.13X 1018 


7.74X1018 


6 


2.67X10" 


4.0X10" 


5.6X101' 


1.63X1018 


6.97X1018 


7.55X1018 



[0 0 5 8] 

t^^VT^m't±ifi>:it'^^x^^:it^^Q-7i^^tzo is.L^m^mi}^G(mf<Dm^. caN 
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[0 0 5 9] 

[^iF^O^^g] 
[0 0 6 01 



10 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
20 
21 
22 
30 
50 
51 



13 



Salt fife 

. . . — 

-MM 



20 



30 
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[mi] [|gl2l 
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10" 



^ to" 
s 

A- 10" 



6 

+ 



t * * 



T 
• 





:0» 


▼ 




X 


:5» 








:30s 


S 





[US] 




20 40 



